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Fig. 4B

Average value calculation circuit 3 receives each phase signal and
generates the average value signal of the each phase signal. (The
generation of the average value signal of the two—phase signal is
equivalent to performing a one~dimensional low-pass filter
process, In which the number of taps is 2 and the filter coefficient
of each tap is 0.5, upon a single-phase signal and then thinning
the number of data items by one half.)

101

Two—dimensional LPF circuit 5 receives output from 102

average value calculation circuit 3 and performs a two—
dimensional low—pass filter process.

Subtraction circuits 7 and 8 subtract the output signal 103

of two—dimensional LPF circuit 5 from each phase signal
and extract edge components for each phase signal.

Amplification circuits 9 and 10 multiply the edge 104

components of each phase signal that have been
extracted by subtraction circuits 7 and 8 by a
prescribed factor.

Addition circuits 11 and 12 add the edge components of 105

each phase that have been multiplied by a prescribed
factor by amplification circuits 9 and 10 to each phase
signal.

End
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PICTURE QUALITY IMPROVEMENT
DEVICE AND PICTURE QUALITY
IMPROVEMENT METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a picture quality improve-
ment device of video signals and a picture quality improve-
ment method of video signals.

2. Description of the Related Art

In an 1mage display device such as a television image
receiver or video projector, picture quality 1s known to dete-
riorate due to the occurrence of flare. Flare 1s a phenomenon
in which the retlection or scattering of light on the 1rradiation
surface or lens of a picture recerving tube or projector tube
causes the intrusion of light of a bright area into the light of a
dark area, thereby producing the blurring of edges at which
the differences in the luminance of a displayed image are
great (for example, at the borders of white regions and black
regions).

To correct this type of flare, image processing 1s carried out
to emphasize edges having large differences 1n luminance in
a displayed 1mage. Referring to FIG. 1, a block diagram 1s
shown that shows an example of the configuration of a picture
quality improvement device of the prior art for correcting
flare by an 1mage process for emphasizing edges (Refer to
JP-A-HO1-246984 (Patent Document 1) or JP-A-HOI-
246985 (Patent Document 2)). In FIG. 1, image processing 1s
carried out to emphasize edges for the G signal oI RGB (Red,
Green, and Blue) signals.

In FI1G. 1, G iput signal (Gin) 1s supplied as input to delay
compensation circuit 22 and two-dimensional low-pass filter
(LPF) circuit 23. Delay compensation circuit 22 1s a circuit
for delaying the mput signal the time required for the pro-
cessing of two-dimensional LPF circuit 23 (the same being
true ol delay compensation circuit 21 and delay compensa-
tion circuit 27). Two-dimensional LPF circuit 23 1s a filter for
climinating from the iput signal frequency components
(such as edge components) that are higher than a prescribed
frequency. Two-dimensional LPF circuit 23 1s made up from,
for example, a delay circuit, an amplification circuit, and an
addition circuit; and eliminates the high-frequency compo-
nent of the mput signal by replacing the data of a particular
picture element with, for example, the weighted average of
data of a plurality of adjacent picture elements (refer to Patent
Document 2).

Due to the elimination of the high-frequency component of
the G mput signal that 1s applied as input to two-dimensional
LPF circuit 23, a signal 1n which edges are dulled 1s supplied
as output from two-dimensional LPF circuit 23 (refer to the
wavetorm shown 1n FIG. 1). The G input signal that has been
delayed by delay compensation circuit 22 a time interval that
corresponds to the processing time of two-dimensional LPF
circuit 23 and a signal in which edges have been dulled that 1s
supplied as output from two-dimensional LPF circuit 23 are
applied as input to subtraction circuit 24. Subtraction circuit
24 supplies as output a signal in which the latter signal 1s
subtracted from the former signal. Accordingly, subtraction
circuit 24 supplies as output a signal 1n which the high-
frequency component (edge component) that was eliminated
by two-dimensional LPF circuit 23 has been extracted.
Amplification circuit 25 multiplies the signal 1n which the
high-frequency component has been extracted by a pre-
scribed factor and supplies this signal to addition circuit 26.
Addition circuit 26 adds the signal in which the high-fre-
quency component has been extracted, that has been multi-

10

15

20

25

30

35

40

45

50

55

60

65

2

plied by a prescribed factor, and that has been supplied as
output from amplification circuit 25, to the G input signal that
1s supplied from delay compensation circuit 22. As a result,
the G output signal (Gout) 1s a signal 1n which the edge
component of the G 1nput signal has been emphasized. The
above-described process thus realizes flare correction.

In the foregoing explanation, tlare correction 1s carried out
only for the G signal because, of the RGB signals, flare
correction 1n the G signal has the greatest effect on picture
quality improvement. Obviously, flare correction may also be
carried out not only for the G signal but for the R signal and B
signal as well. Flare correction may also be carried out for the
Y (luminance) signal and the color difference signal (1n which
case, tlare correction for the Y signal has a greater effect on
picture quality improvement).

The foregoing explanation concerned a case 1n which the
iput signal was transmitted by a single phase, but when a
large amount of information 1s transmitted 1n the signal, and
particularly for RGB data, the input signal 1s transmaitted in
two phases (the signal 1s not often transmitted in two phases
for Y data or for color difference data). In the following
explanation, a signal that 1s transmitted in two phases 1s
referred to as a “two-phase signal.”

Referring to FIG. 2, a schematic diagram 1s shown for
explaining a two-phase signal. In a two-phase signal, a first-
phase data string s1, s2, s3, . .. and a second-phase data string
t1, t2, t3, . . . are transmitted at the same clock, as shown 1n
FIG. 2 (showing the case for a one-dimensional video signal).
Data sn 1s the data of the picture element that 1s interposed
between the picture element of data tn-1 and the picture
clement of data tn. In other words, the data of adjacent picture
clements are distributed in order to different phases.

When the input signal 1s a two-phase signal, flare correc-
tion cannot be carried out for each phase independently due to
the extremely low accuracy of the extraction of high-fre-
quency components by means of the two-dimensional LPF
circuits and subtraction circuits, even when flare correction 1s
carried out for each phase independently.

Thus, 1 order to carry out flare correction when the 1nput
signal 1s a two-phase signal, the most straightforward
approach 1s to adopt a configuration 1n which the two-phase
signal 1s multiplexed as a one-phase signal (data of the second
phase are inserted 1nto data of the first phase. In the example
of FIG. 2, this insertion would yield the data string: s1, t1, s2,
t2, s3, t3, . . . ), flare correction carried out by means of a
picture quality improvement device of the prior art, and the
output signal then resolved to a two-phase signal (the data of
adjacent picture elements are distributed 1n order to different
phases). FI1G. 3 1s a block diagram showing the configuration
of a picture quality improvement device for a case 1n which
the 1input signal 1s a two-phase signal. The input two-phase
signals for R, G, and B are applied as imput to multiplexers
MUX31, MUX32, and MUX33, respectively, and multi-
plexed. Flare correction 1s then carried out for the multiplexed
single-phase signals (flare correction 1s performed for only
the G signal m FIG. 4), following which the single-phase
signals are each resolved to two-phase signals in demultiplex-
ers DEMUX 34, DEMUX 35, and DEMUX 36 and then
supplied as output.

In the picture quality improvement device of FIG. 3, flare
correctionis carried out for a single-phase signal that has been
multiplexed, and the elements from MUX to DEMUX must
therefore be operated at a clock frequency that 1s twice the
clock frequency of the two-phase signal. However, the origi-
nal reason for transmitting by a two-phase signal was the
excessive clock frequency required for transmission by a
single-phase signal. Carrying out flare correction for the mul-
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tiplexed single-phase signal therefore demands high-speed
operation in the elements between the MUX and the
DEMUX, and in particular, the two-dimensional LPF cir-
cuits, and consequently imposes a great load upon these ele-
ments.

SUMMARY Of THE INVENTION

It 1s an object of the present invention to provide a picture
quality improvement device that can perform flare correction
at the clock frequency of the two-phase signal without chang-
ing frequency and that consequently does not subject ele-
ments such as the two-dimensional LPF circuits to excessive

load.

To achieve the above-described object in the picture quality
improvement device of the present invention, an average
value signal of a two-phase signal (when expressed according,
to the example of FIG. 2, a signal with the data string (s1+
t1)/2, (s2+12)/2, (s3+t3)/2, . . . ) 1s generated, a two-dimen-
sional low-pass filter process 1s carried out for this average
value signal, and frequency components having frequencies
that are higher than a prescribed frequency (such as edge
components) are eliminated. The data string of the average
value signal that has been subjected to this two-dimensional
low-pass filter process 1s then subtracted from the data string
of each phase that has been supplied as iput to generate a
signal in which the high-frequency component of each phase
has been extracted. The data string of the signal 1n which the
high-frequency component has been extracted 1s then multi-
plied by a prescribed factor for each phase and added to the
data string of each phase that has been supplied as input. By
the above-described process, the edges of the image produced
by a two-phase signal are emphasized, and flare correction
thus realized.

The generation of an average value signal of a two-phase
signal corresponds to carrying out one type of one-dimen-
sional low-pass filter process upon a single-phase signal that
1s obtammed by multiplexing the two-phase signal (when
expressed according to the example of FIG. 2, a signal that
takes s1, t2, s2, t2, s3, t3, . . . as the data string) and then
thinning out to one-half the number of data items. The high-
frequency component (edge component) that 1s extracted by
carrving out the two-dimensional low-pass filter process
upon the data string of the average value signal and then
subtracting the resulting data string from the data string of
cach phase therefore has far greater accuracy than a high-
frequency component that 1s extracted from each phase sepa-
rately. This high level of accuracy 1s obtained because the
high-frequency component 1s extracted from truly represen-
tative data of each phase.

In the present ivention, moreover, the generation of the
average value signal of the two-phase signal results in the
performance of a type ol one-dimensional low-pass filter
process belfore the two-dimensional low-pass filter process 1s
carried out, but this does not present a serious problem
because the cutoll frequency realized by generating the aver-
age value signal of the two-phase signal 1s believed to gener-
ally surpass the cutoil frequency that 1s realized by the two-
dimensional low-pass filter process.

As described 1n the preceding explanation, the picture
quality improvement device according to the present mven-
tion performs edge-emphasizing image processing for the
purpose of flare correction using a two-phase signal without
alteration, and each element of the picture quality improve-
ment device may therefore operate at the same clock fre-
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4

quency as the two-phase signal. As a result, elements such as
the two-dimensional LPF circuits are not subjected to exces-
stve load.

The above and other objects, features, and advantages of
the present invention will become apparent from the follow-
ing description with reference to the accompanying drawings,
which illustrate examples of the present invention.

BRIEF DESCRIPTION Of THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
picture quality improvement device of the prior art for a case
in which the 1input signal 1s a single-phase signal;

FIG. 2 1s a schematic view for explaining a two-phase
signal,

FIG. 3 1s a block diagram showing the configuration of a
picture quality improvement device of the prior art for a case
in which the input signal 1s a two-phase signal;

FIG. 4A 1s a block diagram showing the configuration of a
picture quality improvement device according to the present
invention for a case in which the mput signal 1s a two-phase
signal; and

FIG. 4B 1s a flow chart showing the procedures of the
picture quality improvement device of FIG. 4A.

DETAILED DESCRIPTION Of THE
EMBODIMENTS

PREFERRED

FIG. 4A 1s a block diagram showing the configuration of a
picture quality improvement device according to an embodi-
ment of the present invention. In the picture quality improve-
ment device of FIG. 4A, only the G signal undergoes flare
correction. Of course, flare correction may also be carried out
not only for the G signal, but for the R signal and B signal as
well. Flare correction may also be carried out for the Y signal
and the color difference signal as well (carrying out flare
correction for theY signal 1s more effective for picture quality
improvement, but the Y signal and color difference signal are
not often transmitted as a two-phase signal.). The following
explanation regards the operation of the picture quality
improvement device of FIG. 4A with reference to the flow
chart of FIG. 4B that shows the procedures of the picture
quality improvement device of FIG. 4A.

RGB two-phase signals (R1ir, R2in, Glin, G2in, Blin, and
B2in) are applied as input to delay compensation circuits 1, 2,
4, 6,13, and 14, respectively. Delay compensation circuits 1,
2,13, and 14 delay the mput signal by the processing time of
average value calculation circuit 3, two-dimensional LPF
circuit 5, subtraction circuit 7 or 8, amplification circuit 9 or
10, and addition circuit 11 or 12. Delay compensation circuits
4 and 6 delay the mnput signal by the processing time of
average value calculation circuit 3 and two-dimensional LPF
circuit 5.

The G two-phase input signal (Glirz and G2ir) 1s both
applied as mnput to delay compensation circuits 4 and 6 and
applied as mput to average value calculation circuit 3. Aver-
age value calculation circuit 3 generates the average value
signal of the G two-phase input signal (Gliz and G2ir). As
explained 1n FI1G. 2, the two-phase input signal G1iz and G2ir
that 1s applied as input to average value calculation circuit 3
are the data of two adjacent picture elements; and average
value calculation circuit 3 1s a two-tap one-dimensional LPF
circuit and 1s equivalent to a one-dimensional LPF circuit 1in
which the filter coelficients of the taps are 0.5 and 0.5. In this
case, taps are the units for combination of delay circuits and
amplification circuits; and the filter coetficients are the ampli-
fication rate of these amplification circuits. LPF circuits
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replace the data of a particular picture element with the
weighted average of the data of the number of adjacent pic-
ture elements that corresponds to the tap number and that
include that picture element; and average value calculation
circuit 3 can also be considered to be a variety of this type of
LPF circuit (one-dimensional LPF circuit). If the data string
of G1in 1s assumed to be s1, s2, s3, . . . and the data string of
(G2in 1s assumed to be t1, 12, t3, . . ., the data string m1, m2,
m3, . . . of the average value signal 1s (s1+t1)/2, (s2+12)/2,
(s3+t3)/2, ... (Step 101).

The average value signal that 1s supplied as output from
average value calculation circuit 3 1s applied as input to two-
dimensional LPF circuit 5. Two-dimensional LPF circuit 5
performs a two-dimensional low-pass filter process upon the
average value signal and eliminates frequency components
that are higher than a prescribed frequency, whereby the edge
component of the average value signal 1s eliminated. The data
string oi the output signal of two-dimensional LPF circuit S 1s
11,12, 13, ... (Step 102).

The output signal of two-dimensional LPF circuit 5 1s
subtracted by subtraction circuits 7 and 8 from two-phase
input signals G1iz and G2ir that have been delayed by delay
compensation circuits 4 and 6, respectively, whereby the
high-frequency components (edge components) are extracted
for each phase of the two-phase 1input signal G1in and G2in,
respectively. The data stringul, u2,u3, ... of the output signal
of subtraction circuit 7 1s (s1-11), (s2-12), (s3-13),...;and
the data string v1, v2, v3, . . . of the output signal of subtrac-
tion circuit 8 1s (t1-11), (12-12), (t3-13), . . . (Step 103).

The edge components of each phase that have been
extracted by subtraction circuits 7 and 8 are each multiplied
by a prescribed factor by amplification circuits 9 and 10. The
data string w1, w2, w3, . . . of the output signal of amplifica-
tioncircuit 91s cqul, au2, qul, ... (where a.1s a constant). The

data string x1, x2, x3, . . . of the output signal of amplification
circuit 10 1s fvl, Bv2, fv3, ... (where {3 1s a constant) (Step
104).

The edge components of each phase that have been multi-
plied by a prescribed factor are added to the original G two-
phase input signal (G1irz and G2ir) by addition circuits 11 and
12, respectively, whereby the edges are emphasized. The data
string v1,v2,v3, ... of the output signal of addition circuit 11
1s (s1+w1), (s2+w2), (s3+w3), . .. ; and the data string z1, 72,
73, . . . of the output signal of addition circuit 12 1s (t1+x1),
(12+x2), (13+x3), . . . (Step 105). Flare correction 1s realized
by means of these steps.

The generation of the average value signal of the two-phase
signal 1s equivalent to performing a one-dimensional low-
pass filter process, 1n which the number of taps 1s 2 and the
filter coelficient of each tap 1s 0.5, upon a single-phase signal
(a signal having the data string s1, t1, s2, {2, s3, 13, . . . ) that
1s obtained by multiplexing this two-phase signal and then
thinning the number of data items by one half. The high-
frequency components (edge component) that are extracted
by performing a two-dimensional low-pass filter process
upon the data string of the average value signal and subtract-
ing the result from the data string of each phase have far
higher accuracy than high-frequency components that are
extracted from each phase separately. This greater accuracy 1s
obtained because the high-frequency components are
extracted after first obtaiming more representative data of each
phase.

In the present mnvention, moreover, generating an average
value signal of a two-phase signal results 1n performing a type
of one-dimensional low-pass filter process before performing
the two-dimensional low-pass filter process, but the cutoif
frequency that results from generating the average value sig-
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nal of a two-phase signal 1s believed to usually surpass the
cutoll frequency that results from the two-dimensional low-
pass filter process and therefore does not pose a serious prob-
lem.

In addition, average value calculation circuit 3 causes the
sampling phase to shift by one-half clock (the video 1mage
resulting from the average value signal 1s an 1mage that 1s
shifted by one-half cycle of the picture element because the
data that are generated by average value calculation circuit 3
are data that correspond to positions between picture element
and picture element of the two-phase signal data). Neverthe-
less, the two-dimensional low-pass filter process that 1s fur-
ther realized by two-dimensional LPF circuit 5 in a succeed-
ing stage reduces diflerences in signal strength between
adjacent picture elements and decreases the importance of the
sampling phase. As a result, the effect upon the picture quality
improvement capability 1s small even when handling a signal
in which the sampling phase has shifted by one-half clock.
Further, the corrected signal 1s obtained by extracting a high-
frequency component by subtraction from the input signal,
and the phase of the high-frequency component of the cor-
rected signal therefore coincides with that of the input signal.
Accordingly, no serious problem i1s presented even 1f the
sampling phase of the signal that has been subjected to the
two-dimensional low-pass filter process shifts by a one-half
clock.

While a preferred embodiment of the present invention has
been described using specific terms, such description 1s for
illustrative purposes only, and 1t 1s to be understood that
changes and variations may be made without departing from
the spirit or scope of the following claims.

What 1s claimed 1s:

1. A picture quality improvement device that receives as
input a two-phase signal 1n which data of adjacent picture
clements are distributed 1n order to different phases and then
transmitted, and that, at a clock frequency of the two-phase
signal, emphasizes edges within a video picture; said picture
quality improvement device comprising:

a first means for finding average values of data of the same
order 1n data strings of each phase that have been
received as mput and generating an average value signal
that takes the average values as 1ts data string;

a second means for performing a two-dimensional low-
pass filter process upon said average value signal and
climinating components having higher frequency than a
prescribed frequency;

a third means for subtracting, {rom said data strings of each
phase that have been received as input, the data string of
said average value signal from which a high-frequency
component has been eliminated and that has been gen-
erated by said second means, and for generating, for
cach phase, a signal in which the high-frequency com-
ponent has been extracted;

a fourth means for multiplying, by a prescribed factor, the
signal in which the high-frequency component of each
phase has been extracted and that has been generated by
said third means; and

a fifth means for adding, to said data strings of each phase
that have been recerved as input, the data string of the
signal in which the high-frequency component has been
extracted for each phase and that has been multiplied by
the prescribed factor by said fourth means.

2. A picture quality improvement device according to claim
1, wherein said two-phase signal 1s a G signal of an RGB
signal.
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3. A picture quality improvement device according to claim
1, wherein said two-phase signal 1s a luminance signal of a
luminance/color difference signal.

4. A picture quality improvement device that receives as
input a two-phase signal in which data of adjacent picture
clements are distributed 1n order to different phases and then
transmitted, and that, at a clock frequency of the two-phase
signal, emphasizes edges within a video picture; said picture
quality improvement device comprising:

an average value calculation circuit for finding average
values of data of the same order 1n data strings of each
phase that have been received as input and generating an
average value signal that takes the average values as 1ts
data string;

a two-dimensional low-pass filter circuit for performing a
two-dimensional low-pass filter process upon said aver-
age value signal and eliminating components having
higher frequency than a prescribed frequency;

a subtraction circuit for subtracting, from said data strings
of each phase that have been received as input, the data
string of said average value signal from which a high-
frequency component has been eliminated and that has
been generated by said two-dimensional low-pass filter
circuit, and for generating, for each phase, a signal 1n
which the high-frequency component has been
extracted:

an amplification circuit for multiplying, by a prescribed
factor, the signal 1n which the high-frequency compo-
nent of each phase has been extracted and that has been
generated by said subtraction circuit; and

an addition circuit for adding, to said data strings of each
phase that have been received as mput, the data string of
the signal 1n which the high-frequency component has
been extracted for each phase and that has been multi-
plied by the prescribed factor by said amplification cir-
cuit.

5. A picture quality improvement device according to claim
4, wherein said two-phase signal 1s a G signal of an RGB
signal.
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6. A picture quality improvement device according to claim
4, wherein said two-phase signal 1s a luminance signal of a
luminance/color difference signal.

7. A picture quality improvement method that takes as
input a two-phase signal 1n which data of adjacent picture
clements are distributed 1n order to different phases and then
transmitted and that, at a clock frequency of the two-phase
signal, emphasizes the edges within a video picture; said
picture quality improvement method comprising:

a first step of finding average values of data of the same
order 1n data strings ol each phase that have been
received as mput and generating an average value signal
that takes the average values as 1ts data string;

a second step of performing a two-dimensional low-pass
filter process upon said average value signal and elimi-
nating components having higher frequency than a pre-
scribed frequency;

a third step of subtracting, from said data strings of each
phase that have been received as input, the data string of
said average value signal from which a high-frequency
component has been eliminated and that has been gen-
erated 1n said second step, and for generating, for each
phase, a signal in which the high-frequency component
has been extracted;

a fourth step of multiplying, by a prescribed factor, the
signal 1n which the high-frequency component of each
phase has been extracted and that has been generated by
said third step; and

a fifth step of adding, to said data strings of each phase that
have been received as input, the data string of the signal
in which the high-frequency component has been
extracted for each phase and that has been multiplied by
the prescribed factor 1n said fourth step.

8. A picture quality improvement method according to
claim 7, wherein said two-phase signal 1s a G signal of an
RGB signal.

9. A picture quality improvement method according to
claim 7, wherein said two-phase signal 1s a luminance signal
of a luminance/color difference signal.
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